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Protein Biomarkers 
Why quantify proteins in complex mixtures? 
  
 Basic science 
 Discovery 
 Select patients for clinical trials 
 Toxicity 
 Efficacy 
 Diagnosis 
 Prognosis 
 Therapeutic management 
 
Because it is fun 



Protein Biomarkers 

Single proteins 
 Relatively straight-forward 
 Many relevant technologies 
 Defined development, validation, and quality control 

Quality control of multi-protein assays 
Like walking quickly, carrying a platter with a bunch of 
different stacks of vegetables… 

Multi-protein panels 
 Many different assays or 
 One multiplexed assay 
 Development of each component  
 Parametric or non-parametric combinations 
 Validation may be difficult to conceive of 
 Quality control… 



Quality Control of Multi-Protein Panels 



Experiments 
Basic science 
 
 Cells 
 Animals 
 A few human samples 
 Discovery 
 
Expect trends to repeat…not necessarily the numbers 



Experiments 

Human subjects, retrospective 
 
 Discovery 
 Verification 
 Qualification 
 May not need IRB approval 
 
Freezer diving 



Experiments 
Patients, prospective clinical trials 
 
 Diagnosis 
 Prognosis 
 Management 
 Need IRB approval for these studies 
 These assays need to be fully validated 
 
Using novel biomarkers in patient care 

These assays need to be fully validated 



Validation 
A sincere attempt to demonstrate the robustness of a system 

Think about the parts of an immunoMRM assay… 
 Phlebotomy 
 Blood draw tube 
 Storage 
 Pipetting, tips, tubes, plates, vials 
 Internal standards 
 Denaturation, reduction, and alkylation 
 Digestion 
 Magnetic beads 
 Antibody 
 Washing and elution 
 Autosampler  
 HPLC pumps 
 Chromatographic column 
 Mass Spectrometer 



Validation 
Regulated 
 
 Rigorously define performance characteristics 
 Suggested acceptability—best practices 
 Documentation 
 
Transparency not really a component 



Validation 

Unregulated 
 
 Publishing guidelines 
 Funding agency guidelines 
 Peer reviewers 
 Training 
 
Transparency must be a fundamental tenet 



Tiers of Assay Quality 

Carr, MCP, 2014 



Tiers of MRM Assay Quality 

Tier 1 Tier 2 Tier 3 

Clinical diagnosis Research Discovery 

Internal standards Internal standards 

Highly precise Precise Less precise 

QC procedures 

Values repeatable Trends repeatable Large magnitude changes 

One to a few analytes 10s-100s of analytes 10s-100s of analytes 

Fit-for-purpose approach 
Carr, MCP, 2014 



Replicating Tier 2: Peptides 

Preliminary validation of peptide  
quantification in complex mixtures 

CPTAC 
Assay Development Working Group 

Experiment 1: Response Curve  

Experiment 2: Mini-validation of  
Repeatability 



CPTAC Assay Development Working Group 

NCI Assay Portal 



Translating Tier 2: Proteins 
Validation Experiment 

Reproducibility  5x5 experiment 

Peptide degradation  Spike IS peptides before/after digestion  

Linearity  Mix pools together 

LLOQ  Dilution experiments of one or more pools 

Interferences  Add potential interferences to pools 

Stability  Stress pools before and after sample prep 

Validating protein quantification for publication 

Grant, ClinChem, 2014 



Guidance Documents: CLIA & CLSI 
Performance specification References 

Precision EP05, EP29 

Linearity EP06 

Analytical sensitivity EP17 

Specificity and interferences EP07, EP14 

Accuracy and method comparison EP09 

Multiple instruments EP31 

Carryover EP10 

Quality control EP28 

Validating protein quantification for the care of patients 



Accuracy 

The accuracy of a measurement is the closeness of 
agreement between  the test result and the true result 
 
Precision 
 Within batch 
 Between batch 
 Between laboratory 
 
Bias 
 Calibration materials 
 Sample-specific matrix effects 
 
How similar will a result be if measured in Seattle on Monday 
and in London on Wednesday? Is it right? 



Harmonization 
Trying to make results as similar as possible 
 
Examples 
 Two different platforms in the same laboratory 
 The same platform in different laboratories 
 Two different platforms in two different laboratories 
 
Methods 
 Non-certified reference material 
 Cooperation within a consortium 
 Recalibration to a single central laboratory 
 
Improving between-platform concordance 
Reducing between-laboratory variability 
Not necessarily the true answer 



This is Not Harmonization 
One FDA-approved Immunoassay, Two Laboratories 
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r2 = 0.66 
y = 0.6 x + 18.3 

Cox, ClinChem, 2014 

IGF-1 



This is Not Uncommon 
Seven FDA-approved Immunoassays, One Laboratory 

Clinical Gold Standard Method 
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Cantor, Clin Chem, 2006 



Standardization 
Trying to make results from all platforms in all laboratories 
give the same true result 
 
Methods 
 Reference method procedures 
 Certified reference materials 
 Traceable calibration materials  
 
Examples 
 Vitamin D Standardization Program 
 Hormone Standardization Program 
 Hemoglobin A1c Standardization (NGSP)  
 
Pre-established acceptance criteria 
Commutable materials 



Proficiency Testing 
Keeping it real over time 
 
Methods 
 Spiked synthetic matrix 
 Stabilized human samples 
 Minimally-processed native human samples 
 
Examples 
 College of American Pathologists 
 Royal College of Pathologists of Australasia 
 DEQAS 
 



Proficiency Testing 
Commutability Matters 

Reference Method 
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Patient samples 

Proficiency testing material 



Proficiency Testing 
Accuracy Based 

CAP is moving toward accuracy based programs…a great step forward 



Does calibration have a role in research 
proteomics assays? 



Vary the amount of trypsin (50%-200%) 
Very different results for each peptide 

Variability of Peptide Liberation 
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How can two peptides from the same protein be so different? 

Variability of Peptide Liberation 
Mechanism of agitation matters 



Variability of Peptide Liberation 
Are we ever done? 

Agger, ClinChem, 2010 



Calibration Improves Concordance 
Between-laboratory repeatability 

Comparison laboratory 
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Ave CV=16.0% Ave CV=11.1% 

Calibration curve Single-point calibration 

Cox, Clin Chem, 2014 



Conclusions 
Calibration is the cornerstone of repeatability 

Validation can be fit-for-purpose 

Effective translation requires adequate validation 

Transparency is pivotal for generalization 

Life after validation… 
 …harmonization 
 standardization 
 proficiency testing 
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